Objective: The impact of negative lymph nodes (NLNs) count on prognosis in esophageal cancer (EC) was analyzed using two institutions surgical database. Methods: We conducted a retrospective study of 768 EC patients treated by surgical resection between January 2010 and December 2012. The effects of the NLNs count on prognosis was analyzed. Cox regression model was conducted to determine the significant prognostic elements. Results: The number of NLNs was studied as a categorical variable based on the quartiles (Q1: ≤15, Q2: 16-21, Q3: 22-30, Q4: ≥31). And a better overall survival (OS) was observed with increasing number of NLNs (HR= 0.762; 95% CI, 0.596-0.974 for Q2, HR= 0.666; 95% CI, 0.516-0.860 for Q3 and HR= 0.588; 95% CI, 0.450-0.768 for Q4) (all P<0.05). Multivariate regression analysis revealed that the NLNs count was an independent prognostic factor. Besides, for patients in T2 or T3 stage, a high number of NLNs was found to be significantly associated with a favorable OS (log rank P<0.001). Conclusion: A higher number of NLNs is independently related to the better OS in EC patients after surgical resection.
Introduction
Esophageal cancer (EC) ranks as the sixth most common malignant carcinoma in China. 1 EC is approximately 3 to 4 times more prevalent in men than in women.
The two main pathological types of EC are squamous cell carcinoma (SCC) and adenocarcinoma. SCC makes up approximately 90% of EC cases. 2 Esophageal carcinoma has been proven to be one of the most aggressive cancers and often leads to a poor prognosis. Although considerable progress in surgical and oncological treatment has been made, five-year survival still remains low. Therefore, it is essential to identify reasonable prognostic indicators to make better treatment recommendations and improve prognosis. Prognostic factors for most gastrointestinal cancers that have been generally agreed upon include tumor size, lymph node (LN) involvement, distant metastasis and tumor differentiation. 3 Esophageal carcinoma typically metastasizes via the lymphatic system; hence, lymph node status has been regarded as a strong prognostic factor. 4 The
International Union Against Cancer (UICC) and the American Joint Committee on Cancer (AJCC) have proposed the classification of the eighth edition for N stages according to the positive lymph nodes (PLNs) counts, 5 which provides a more accurate evaluation of patient's outcome than the seventh edition. 6 Lymph node status is considered as one of the most important prognostic factors in esophageal squamous cell carcinoma (ESCC) patients. However, inaccurate LN dissection and pathological evaluation may result in inappropriate pathologic nodal staging and treatment, a phenomenon called stage migration. 7 Several new nodal staging classifications have been proposed to decide a more accurate nodal staging system, including the number of resected lymph nodes (RLNs), lymph node ratio (LNR), and the number of negative lymph nodes (NLNs). [8] [9] [10] [11] [12] For example, for patients who underwent tri-incision esophagectomy, LNR has been regarded as an independent prognostic factor. 8 According to the Surveillance, Epidemiology, and End Results (SEER) data, Smith reported that the number of LNs examined was an independent predictor for survival. 13 However, the clinical value of treatment and prognosis of the NLNs count remains unclear. 9, 10, 14 The aim of our study was to illustrate the relationship between the number of NLNs and the prognosis in EC patient. In addition, the association between the other clinicopathological factors and survival was evaluated.
Patients and Methods

Study Population
1123 consecutive patients with ESCC underwent a curative operation at the first affiliated hospital of Guangxi Medical University (208 patients) and Sun Yat-sen University Cancer Center (925 patients) were the studied cohort from January, 2010 and December, 2012. Patients in our study have been pathologically confirmed ESCC and received primary surgical excision. All human data were collected according to a protocol approved by the ethics committee of the two institutions and under patient informed written consent. Patients with the esophageal tumor located in cervical or esophagogastric junction were excluded. In addition, patients died during perioperation or with the number of removed lymph nodes (RLNs) less than 12 were not included. They were also excluded if the histological subtype of malignancy was not ESCC. Patients with lacking data or missing were also ruled out. The final cohort had 768 patients, among which 138 and 630 patients were recruited in the first affiliated hospital of Guangxi Medical University and Sun Yat-sen University Cancer Center, respectively.
Preoperative Evaluation
The preoperative examination was comprised of computed tomography (CT), upper gastrointestinal (GI) barium swallow, GI endoscopy and tumor biopsy. Endoscopic ultrasound was later systematically added as part of the clinical staging. Patients were treated with esophagectomy provided preoperative evaluation manifested no proof of direct intrusion of the major vascular or trachea and distant metastases. The cardiopulmonary function was also evaluated routinely to assess medical operability.
Surgical Resection
Surgical techniques have been reported previously in details. 8, 15 Briefly, three standard surgical methods were included: the Sweet approach (398 patients), the IvorLewis esophagectomy (46 patients), and the McKeown procedure (324 patients). In the Sweet approach, a left posterolateral incision was performed to remove the esophageal tumor. Once the esophagus was dissociated, and the diaphragm was incised to expose the abdominal cavity. The stomach was lifted to the chest and anastomosed the esophagus above or under the aortic arch. In the IvorLewis method, the stomach was dissected through the midline laparotomy. Then, an esophagectomy was performed with a right thoracotomy. The stomach was brought to the right cupula of pleura through the esophageal hiatus with an esophagogastric anastomosis. In the McKeown approach, a right posterolateral thoracotomy was performed initially, allowing for resection of the esophageal tumor and mediastinal lymphadenectomy. Afterwards, an abdominal incision was made to mobilize the stomach. A left cervical incision was performed for the anastomosis. Lymphadenectomy in the mediastinum and abdomen was conventionally performed, while the cervical LN resection was not routinely carried out.
Pathological Examination
All resected specimens were examined by pathology. The number of LN was counted with low-power field microscopy. The number of metastatic and examined LNs in each station was recorded. The pathologic tumor and LN staging were based on the eighth edition of the AJCC/ UICC TNM classification system. 5, 16 The TLNs were calculated as the total number of LNs resected in the cervical, thoracic, and abdominal regions.
Follow-Up of Participants
For the first year, patients were followed up every three months, and then for the following three years, patients were suggested for follow-up every half year, then annually thereafter. The patients who included were followed up until January 2019. The mean follow-up time was 43.55 months (range 1-95 months).
Statistics Analysis
A χ 2 test was used to compare categorical variables and the analysis of variance (ANOVA) was applied for the comparison of continuous variables. Kaplan-Meier method was used to plot the survival curves, and the log rank analysis was used to evaluate differences in prognosis between groups. Cox proportional hazards model was conducted to clarify the significant prognostic factors. The endpoint of our study was overall survival (OS). OS was defined as the number of days between the date of diagnosis and the date of anycause death or the date of the last follow-up. All calculations were analyzed using SPSS 20.0 (SPSS, Chicago, IL), and p < 0.05 was considered significant. Our method reporting is consistent with the STROCSS guidelines. 
Negative LNs Count and Patient Prognosis
There was a total of 427 overall deaths during the followup period. A Cox regression analysis was conducted to study the relationship between the number of NLNs and long-term prognosis. Table 2) . As the Kaplan-Meier survival curves presented, patients in groups 3 and 4 had better OS than the patients in groups 1 and 2 (log rank= 17.898; P<0.001; Figure 1A ). Afterwards, patients were classified into either high NLN count (groups 3 and 4) or low NLN count (groups 1 and 2) in the following analyses. The high NLNs counts group showed a median survival time of 63.6 months (95% CI: 60.0 to 67.0) and a 5-year survival rate of 38.6%. In addition, the low NLNs group had a median survival period of 52.6 months (95% CI: 49.2 to 56.0) and a 5-year survival rate of 29.2% (log rank= 15.128; P< 0.001; Figure 1B ). The impact of NLNs on OS was analyzed after stratification by T stage. For patients with T2 or T3 stage, a higher NLN count was significantly associated with better prognosis (log rank= 18.851; P<0.001; Figure 2A ). However, the correlation was not observed for T0 or T1 patients (log rank= 0.002; P=0.996; Figure 2B ). Stratification depending on N (lymph node) stage presented similar results. More NLNs count was proved to be a significant protective prognostic factor in N0 patients (log rank= 7.243; P=0.007; Figure 3A) , and the protective effect was also found in pN+ patients with concomitant LN metastasis (log rank= 7.686; P=0.006; Figure 3B ). In addition, we evaluated whether the surgical approach modified the effect of NLN count on OS, and a significant interaction between NLNs and surgical approach was elucidated. In cases using the three-incision approach, a higher number of NLNs was significantly related to lower death rate (log rank= 20.374; P<0.001; Figure 4A ), but a similar positive effect was not found in cases with left-thoracotomy or Ivor-Lewis approaches (log rank= 0.713; P=0.398, log rank= 2.166; P=0.141; Figure 4B and C, respectively). Moreover, we conducted the survival analysis in patients with and without neoadjuvant CRT separately. It was found that in either group, a high number of NLNs contributed to a favorable prognosis (log rank= 10.804; P<0.001, log rank=5.599; P=0.018; Figure 5A and B, respectively).
Discussion
The current study evaluated the outcomes of 768 Chinese ESCC patients to clarify the prognostic value of NLN counts. Our results suggested that the number of NLNs was an independent prognostic factor for ESCC patients undergoing radical esophagectomy. We discovered that ESCC patients with higher NLN counts showed better survival than those with lower NLN counts, which was consistent with the findings of previous studies. 10, 11, 14 Resecting more LNs may contribute to a better evaluation of LN metastasis and a more accurate pN stage. However, the optimal LNs count to be resected remains uncertain. UICC proposed 6 LNs for resection, but there was a lack of specific evidence from a large series study. The number of LNs removed during surgery differed widely because of the different extent of disease and method of lymphadenectomy adopted by different hospitals. Japanese surgeons resected the most LNs per operation with a mean number of 43 and 90 for two-field and three-field lymphadenectomy, respectively. 18 Bollschweiler et al reported that resecting more than 15 LNs resulted in a better prognosis than examining fewer LNs for patients classified as pN0. 19 Greenstein et al found that patients undergoing the operation for EC should have at least 18 LNs resected. 20 The number of removed LNs varied from 3 to 25 in most Chinese studies. Hu et al proposed that more than 6 LNs ought to be removed for an appropriate assessment of the pN stage in ESCC patients. 18 RLNs include PLNs; therefore, using the number of RLNs as a prognosis factor may attenuate accuracy. In the present study, the number of NLNs was used to predict the patient's outcome. We found that the NLNs count had prognostic value on pN0 patients as well as pN1-3 patients, and the prognostic value was more accurate than that of RLN counts. Additionally, as reported, we noticed that it was various for the cutoff point of the NLN count. 9, 10, 14 This might be the consequence of differences in surgical approaches and the statistical analysis technique. In future researches, it will be essential to identify exact numbers of NLNs in patients with esophageal carcinoma and to determine optimal cutoff points. It is ambiguous that the underlying mechanism of why the NLNs count can be applied to evaluate ESCC patient's Note: Data are mean± SD or n (%). Abbreviations: CRT, chemoradiation therapy; G0, after neoadjuvant CRT and no residual carcinoma; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; SCC, squamous cell carcinoma. prognosis. Generally, H&E staining is applied for the routine pathological examination of LNs. Nevertheless, previous studies have reported that hematoxylin and eosin (H&E) staining is inferior to immunohistochemistry (IHC) for detecting involved LNs. Thompson et al reported a study, which included 119 node-negative (pN0) patients. After serial sectioning and IHC of the LNs, 88 patients (74%) had their primary status confirmed, while twenty-two (18%) were found isolated tumor cells or clusters, 8 (7%) were detected micrometastases, and 1 (1%) had an LN metastasis. 21 A study by Koenig and colleagues confirmed that isolated tumor cells detectable in LNs by IHC are reliable prognostic indicators in patients with EC regardless of the pathological N-status. Patients who were classified as pN0 with micro involvement in an LN had a poor prognosis which nearly equaled to the patients with histologically detected nodal involvement (pN1). 22 Therefore, a higher number of NLNs may make it more likely to detect micro involvement. Resecting more NLNs was more likely to remove the micrometastatic tumor cell, which may be the reason why patients with more NLNs had a better prognosis in our study. Another explanation for the relationship between the number of NLNs and the improved outcome is inadequate staging. More LNs dissected were less likely to have missed nodal involvement. pN0 patients with a low number of LNs resected may in fact have had positive LN involvement but were misclassified. Thus, comprehensive sentinel LN dissection is recommended in EC patients. Additionally, pathologists should consider additional sections and IHC to evaluate NLNs beyond conventional histopathologic analysis.
The current study suggested that postoperative adjuvant CRT could lead to a better outcome. Wang and his colleagues demonstrated a similar result. As reported, postoperative adjuvant CRT could significantly reduce local recurrence rates and improve progression-free survival (PFS) and OS compared to surgery alone. 23 Neoadjuvant
CRT was not found to be a definitive protective prognostic factor in our study. Only patients who received neoadjuvant CRT and a pathological examination showing no residual carcinoma had significantly improved survival rates. In addition, our study showed that the presence of LN metastases was a strong indicator of poor survival in EC, which was consistent with the results of previous studies. 11, 19, 24 The association between depth of tumor invasion and NLN count was also investigated in the present study. The protective effect of a high number of NLNs was only observed in T2 and T3 stage cancers, but not in T0 and T1, which was consistent with the discoveries of a previous study. 10 Therefore, it could be beneficial for patients to routinely receive extended lymphadenectomy when the tumor is found to infiltrate the muscularis and tunica adventitia of esophagus. In addition, our study showed that an increasing number of NLNs was associated with lower mortality, especially in cases using the three-incision approach. Because of the high risk of operation injury and postoperative complications of neck dissection, only a portion of patients in the study population who were diagnosed with cervical LN metastases in preoperative evaluation underwent threefield lymphadenectomy. There were 66 patients who received neck dissections, and no definite association found between three-field lymphadenectomy and prognosis. This finding maybe because of the small sample size. The effect of resection technique on patient outcome has been controversial. A previous study claimed that the prognostic value of NLNs count was only found in patients undergoing three-field lymphadenectomy instead of in patients receiving two-field lymphadenectomy. 4 Moreover, a randomized trial found no difference in the survival rate between two-field and three-field lymphadenectomy. 25 However, Rizk et al announced that more extensive lymphadenectomy was associated with increased survival.
26
A consensus on the optimal extent of lymphadenectomy for different disease stages has not yet been concluded. In the current study, 91 patients (28.1%) were suffered from postoperative complications after underwent 3-incisions procedure, and only 42 patients (10.6%) had complications with the Sweet approach (Supplemental Table 1 ). We deduced that for patients with an early or localized lesion, extended LN dissection could clarify the stage and lead to an accurate diagnosis and more appropriate treatment. In patients with advanced disease, multidisciplinary synthetic therapies seem to be more critical than surgery alone with excessive lymphadenectomy, which may increase the incidence of complications after surgery. The strength of this study is that we studied a large cohort of ESCC patients from two institutions. The large sample size with a considerably high follow-up rate guarantees the reliability of our results. Nevertheless, several limitations in the current study should be addressed. Firstly, this is a retrospective analysis, and more prospective researches are needed to confirm our results. Secondly, we excluded patients with tumors located in the cervical esophagus or esophagogastric junction EC. Therefore, prudence is needed when extrapolating our findings to these patients.
Conclusions
In summary, we demonstrated that a higher number of NLNs was independently associated with better OS in EC patients undergoing curative resection. The relationship between NLN count and favorable survival was more prominent in patients with T2 and T3 stage cancer. In addition, the increasing number of NLNs was associated with lower mortality, especially for patients underwent McKeown approach. Future prospective studies are needed to verify our results and to discuss the potential mechanisms underlying the prognostic value of NLNs.
